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First Principles Study on TiC>2 with Penta-Oxygen-Coordinated Crystal 
Structure as Sodium Ion Battery Anode Material 

Choe Song Hyok, Ri Kum Choi and Yu Choi Jim 

We investigated the suitability of T 1 O 2 with unprecedented penta-oxygen-coordinated crystal 
structure as sodium ion battery anode material by means of first principles calculation. The stability of 
this material upon Na + intercalation was verified by calculating the binding energies, formation 
energies and relative volume change rate, which was under 4%. The calculation results on 
electrochemical performances of this material also reveal the suitability as SIB anode, which shows a 
high specific capacity of ~335mAh/g, low electrode voltage of -0.56V and fast ionic mobility. In 
conclusion, it is confirmed that TiCV with penta-oxygen-coordinated crystal structure is very promising 
for high performance SIB anode material. 


Key words: sodium ion battery, first principles, anode 
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Qualitative Estimation of Non-Harmonic Vibration of Vibrating Object 
by Contrast Analysis of Time-Averaged Interference Fringe Pattern 

Kang Jong Choi, Jang Kyong Hun and Kim Choi Su 

In this paper, we suggested a method for qualitatively estimating non-harmonic vibration of 
vibrating objects through the contrast variation of time-averaged interference fringe pattern. 

The contrast variation of time-averaged interference fringe pattern is very complicated in the case 
of non-harmonic vibration and varies much from the zero order of the Bessel function of the first kind. 
From the experimental data which is completely different from the zero order of the Bessel function of 
the first kind we can easily estimate the harmonic character of vibration, and even the temporal 
dependency and independency of vibrating modes from simulation results. 

Key words: vibration measurement, interferometry 
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A Method for Correction of Image Rotation and Parallax 
by Polynomial Fitting in Fringe Projection System 

Paek Kang Ryong, Kim Choi Su 

We presented a method for correction of images deformed from rotation and parallax by using 
image correlation and polynomial fitting. 

The correction points can be decided by correlation between corner images of a 
chessboard-shaped reference and its deformed image. The upright image can be obtained by 
determining the coefficients of 2 dimensional polynomials between the correction points the reference 
coordinates corresponding to them with least square. 


Key words: digital image processing, correction of aberration, image correlation 
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4444 444 444411 4111 44. 54 4441444 11 8341 ^444 
541 4444 441411 1444 44114 4 4415411 1411 544.[7] 
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33 44141 5-1-§-44 1144*33 44 44 415.4 41 444 1°1 14 44.[4] 
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c 23 = m ? 2lg \';'^ 3) ' ^ 1 444 4 24 4 444144 4 414 41 834141 

i4 1} i 2 + i4 2) i 2 + i4 3) i 2 
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Properties of Entanglement Created in Three-QD System Coupled 
to ID Surface Plasmonic Waveguide 

Ryom Ju Song, Ko Myong Choi and Kim Nam Choi 

We investigated theoretically the properties of the entanglement created in the three quantum 
dots(QDs) system coupled to one dimensional surface plasmonic waveguide via the real-space 
approach. High entanglement of the QDs could be achieved by adjusting the interparticle distance of 
the QDs and detuning. 


Key words: quantum dot, quantum entanglement, plasmonic waveguide 
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A Model of Non-Isothermal Magnetohydrostatic Equilibrium 
in Upper Chromosphere and Corona of the Sun 

Hwang Sin Choi, Choe Choi Min 

In this paper, we derived the generalized equation for non-isothermal magnetohydrostatic 
equilibrium of 2-dimensional plasma in the presence of homogeneous gravitational field and discussed 
its physical meaning. 


Key words: prominence, model, solar corona 
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Ab Initio Study of the Electronic Structure of TL4O7 

Ri Mun Hyok, Kim Kyong II 

By using ab initio method, we obtained the band structure, PDOS(partial density of states) and the 
distribution of electrons in valence and conduction bands of Ti 4 0 7 and Ti 4 0sN 2 structures, which 
shows that for Ti 4 0 7 , electronic transition occurs between 3d orbitals of Ti atoms, and for Ti 4 05 N 2 , 
between 2p orbital of N atom and 3d orbital of Ti atom. 


Key words: Ti 4 0 7 , ab initio, band gap 
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54108(2019)4 64 54 454 4 

On a Method of Keeping Light Beam Uniformly in 
Treating Seedlings by Using Laser 

Jang Yong Song, Choe Sang Jin 

We proposed a method to get properly identical light beams in the section between two lasers by 
overlaying light beams emitted from each laser and evidenced the effect. In the result we have decided 
that the distance of two lasers is 23 millimeters when the uniformity of light beams is highest. 


Key words: laser, seedling, laser treatment 
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43108(2019)4 6* 54 4-2-4 4 

Study on the Proton Shielding Complex Materials 
for the Protection of the Chips 

Pak Ho Nam, Han Kum Hyok 

The simulation results have shown that the novel complex materials can be used to the protection 
of electronic devices in space systems, because they have lower density and higher shielding capacity 
than Al which is traditional shielding material. 


Key words: proton, shielding material 
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431108(2019)4 64 5l 47114 

Research of an Adaptive Meshing Method for Accuracy 
Improvement of Fluid Flow Simulation 

Kim Choi Hong, Choe Kyong Hyok 

We suggested an adaptive meshing method for accuracy improvement of large-scale simulation. 


Key word: adaptive meshing method 
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The Quantization of Spin Angular Momentum of Classical 
Particle Undergoing the Vacuum Perturbation 

Kim II Gwang, Kim Kwang II 

We proposed a postulate that vacuum is a kind of perturbation medium which causes random 
fluctuation to the spin-rotational motion of the particle as ordinary thermodynamic medium. Then on 
the basis of this postulate, we constructed the stochastic dynamical equation on one dimensional spin 
motion of classical particle in vacuum medium, and showed that spin angular momentum of a classical 
particle was quantized. Also, to illustrate a simple example we showed that Z-component of spin 
angular momentum of a classical particle with spherical surface shape in vacuum was quantized as 
follows 

L n =nhl 2 (n = 0, +1, +2, 

Key word: spin angular moment 
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Study on the Volume Fraction of Binder in the eBN Sintering Body 

Ri Yong Sop, Ri Chang Nam 

In this paper we have investigated the dependence of the volume fraction of the cBN binder on 
cBN particle size in cBN sintering body with a given fracture toughness. 


Key words: cBN, sintering 
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Effects of Ni Coating of Diamond on the Retention of Diamond Grain 

in the Resin-Bonded Wheel 

Kim Ho Nam 

In the paper new electroless Ni plating method was established and the effects of Ni coating of 
diamond grain on its retention in the resin-bonded wheel were studied. 


Key words: diamond, nickel, coating, retention 
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Despeckling Method Combined Wavelet Denoising 
and Adaptive Wiener Filter in Ultrasound Images 

Kim Kyong II 

We proposed the despeckling method combined wavelet denoising and adaptive wiener filter in 
ultrasound images, and evaluated its denoising performance compared with the classical methods. 
Simulation results show that the denoising performance of new method was better than other classical 
methods in terms of despeckling and edge preservation. 


Key words: ultrasound image, wavelet denoising, spatial filtering, speckle noise 
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Optimum Structural Design of Bolted Langevin Transducer Based on 
Finite Electrical Circuit Element Modeling(FECEM) 

Yun Choi Hyok, Pak Myong II 

We designed an optimal geometric structure of BLT with maximum radiating power for the given 
operating frequency of 20kHz in the medium using FECEM and then identified its acoustic 
characteristics using FEM. 


Key words: FECEM, bolted Langevin transducer, radiating power 
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-g-4 44 0444. 

(AG ™ 2 )°(T) = (AG Pb + (D + 2(AG f r ) ( i^ (T) - (AG ™ 2 )|^(J) (10) 

(AG^)V) = (AG f Cs+ )^ (T) + (AG[)%^ (r)-(AG f CsI )^(J) (11) 

°1 ^--4^ 4-44 414 4 4444. 

(4b + ) ( U^ 4) + 2(//f)U°4 4) = (AGj b j)°(r)+(//p bl2 )^ (T) (12) 

(^s)U^ 4 ) + (//f)U^ 4 ) = (AG^)°(r) + (// CsI )^ (T) (13) 

4 (4)—(6), (12), (13)4 44044- 044 40244400 #4 444 441-4 4 
40^14 4 4 4pf. 444 44 444 CsPbi 3 44 444441-4 4 4 4 Hi 04 7 } 0 
04 4 4 444-40-44 444. 

(/4 ) ( Uofl(r)> ^ *, ^ ]-4^ (14) 

41-00 444 441-4 ollHo44 CsPbi 3 °l 114 44444 44 444 
044 444 o4°l 4 444. 

(/4)W-1 (4 + (//p b + ) < Uo„ (T) + 3(ju^%^ (T)>(ju Csm /^ (T ) (15) 

144 44-044 44044 4444040)1 44 4 4 it4 44444 444 4 
4400 4 44 44 4144444 44 1-44 044 4444441- 11 44. 4 
444-051 44o41°J 40444044 4 (14)1- 144 -§-44-4 4114 4 - 4-0 
44*4 4444. 

2. gDH£H! Cs + ,Pb 2+ ,ro| Elizas 

010444 444 44444 040 441-4 44 - 04 44 4 (7)4 4444 

41444 4 4 04 4 444004 itoo44 4 444. (*) 

li)4oo 144 444 441-4 Pbi 2 , Csi4414 4o4144o4-i- 4 444 
pw 2 4 Csi444 444444041- 4444 44 46, -3.0kj/moi4 4. 44044- 4 
4 4 (14)4 4404x1 jxj-o] 01 ^ 1 - 0)1 4444 44. 04 4 1444 

4 a 44 4441 ^44 444 Pbi 6 -8441 44-041 Pb 2+ 4 P4 4444 41 
44 44. 04 44 lHoixi Pb 2+ i ro)i h1*h 84444 44 4444 4 44 
1 414 4 (17)1 4144 414 44041 414. 



#1 r|r 



4 1 4 A 4 44 E.7] 0)1 7] it! 

-§-4 44 Cs + , Pb 2+ , 

, i“4 

44i44--- 
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H. ism 71111101 


gg<gj-zj 

01 


-g-A] 

AV 

44444 

If4l/nm 


Evpr/eV 

A fi°/eV 

a a 

o 

4414 

41 -SI 71- 
s a ha 


a-CsPbl, 

Pm-3 m 

0.624 

0.618 


-11.48 

—0.11 

<S-CsPbI 3 

Pnma 

a= 1.042, 6=0.475, 
c= 1.766 

a=1.043, 6=0.479, 
c= 1.776 


-11.71 

-0.20 

Pbl 2 

P-3ml 

<2=0.446, c/a= 1.70 

a=4.56, c/< 2 =l .53 


-7.17 

-0.34 

Csl 

Pm3m 

0.451 

0.457 


-4.35 

-0.18 

Pb 

Fm-3m 

<2=0.493 

<2=0.495 


-3.45 

-0.13 

Cs 

Im-3m 

<2=0.599 

<2=0.614 


-0.31 

-0.18 

I: 

Cmca 

a=0.751, 6=0.438, 

c=0.963 

<2=0.718, 6=0.471. 

c=0.981 


-1.91 

-0.22 

I: 

7411 

<Ai=0.265 6 

4i=0.266 6 


-1.26 

-0.70 

h 2 

741 

</ H _ H =0.075 9 

4 H -h=0.074 1 


-6.37 

-0.32 


(^ s )^(r,)>-6.30(eV) 

(Mm )+-g-°jj (T r ) > -8.97 (eV) 

(/iD^-i-oji (T r )> 0.86 (eV) 

(T r ) + (4b)%^ (T r ) + 3( M ;)%^ (T r )> -11.59 (eV) 

0$)V8-«I (7’,.) + 8.97(eV)>(^r)^ ? , (7).) -0.86 (eV) 

4 (4) — (6), (12), (13)4: 44 4 w 4^ 7 d4- 3131 *H ♦ H 2^JL*Kt-i-<>l 4 s\ 
0 d4 4 tt±3, 4<H*M 444 it 4 44 4441-4 44^41 444 
414:1 14 4 44. -8-JE.21 44 14^41 OJeV^-H 1.2eV 

44 O.leV 7^2.1 4447)44 141 4-431 2^1^-4-471- 44(0.11)4 4444 -fj 
41 4®)444.(3 l4) 



a 4 44^4^ as) 44 4A2414 °-g, 44 -g-444 4114 
*^44-5.4 lp))4 2^11-2.4-tK'-)) 

3L 1411 414 44. 

(//fl'i^ofl (4) = 0.93+ 0.07 (eV) 

(^Cs)W^I 44 = -5.70 + 0.07(eV) 

(4) = -8-67 + 0.14(eV) 

(/4)+^ 4-) = -5-74 + 0.07 (eV) 
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□h m- 

-g-ofl^^l °l-8rl-5] 44^4* 4: 4 l4 3 4 °fl Hi 2.71 &oj| 3 i t^H 4 

^7>*l-7l -rl it ^l7l«l-JI 4 7l -t 43! 35.«. 44*114 CsPbI 3 -§: 44 

44 °141: 0 J Cs + , Pb 2+ , I _ -S] 44^444- ^ 71-4$4. 

lUgg 

[1] C. J. Yu et al.; J. Mater. Sci.. 51, 9849, 2016. 

[2] U. G. Jong et al.; Phys. Rev., B 98, 125116, 2018. 

[3] Y. H. Kye et al.; J. Phys. Chem. Lett.. 9, 2196, 2018. 

[4] C. O’Brien et al.; J. Phys.: Condens. Matter, 25, 445008, 2013. 
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Determination of Chemical Potentials of Solvated Cs + , Pb 2+ , I - 
Referenced to First Principles Calculations 

Kye Yun Hyok, Yu Choi Jun 

Estimating chemical potentials of ions dissociated in a solution with reference to the first 
principles calculation quantitatively is mandatory to reveal the defect physics of materials synthesized 
through the solution-based reaction. We investigated a way to calculate the chemical potentials of 
solvated ions (Cs + , Pb~ + , I") which are used for the fabrication of inorganic perovskite CsPbI 3 . 


Key words: perovskite solar cell, chemical potential, first principles 
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TiO 2 ^^0| e^KMI DlXfe Ni^OHoi sa= 

HhD^OI 

CD CD E=5? □ CD CD 

TiC444444 ^4?A}7] 444444 TiC444 #3-4' $.3.3. ii°J4. 
Ti0 2 4r45-44 TiC44-§- 4^44444 44 44 45(2 000~2 2004)4 3-44 
4. Tic44454 1 £!l-#44 Ti 0 2 -S] #54444 4^-4 # 445 . #4 4 45-4 44 
44 45444 4442.5. #j 1 444 44 444 445.4445-5 44 44 54 
-3-44. -3.44 44454 45. #444:4 44 444 Sl4.[3] 

444 Ti0 2 4#544 Tic4#4 454444 Ni444 4445# 444 4 44 
4 44 -3.4444. 

1 . TlCSittllSgJ-S 

Ti0 2 4 $.3.3. 44 4444445. Tic4#4 4544 44 444 if Ti0 2 (4 4 
4)4 44 4444 4444 #4544 5.44444 Tic4#4 44#.[2] 


5444 Ti0 2 4#4 444444 444 444 4 Tic4#4 

4444 44 

44 444 44. 

Ti0 2 + 3C = TiC + 2CO T 

(i) 

°1 44444 4 443. 444 4444. 4 

2Ti0 2 + C = Ti 2 0 3 +CO T 

(2) 

Ti 2 0 3 + C = 2TiO + CO T 

(3) 

TiO + 2C = TiC + CO t 

(4) 


444444 4444 444444 Ti04 4444444 44 44 44457}- 
4 3.4 4. [3] 

#4455# Ti0 2 4#4 44 #55 4445. 4444 4 444 nc-t 44 # 
45-5. Tic4#4 44454#4 44#. 

2. TlCSittllSOUH Ti2| git 

# 443.5 99% Tio 2 44(3~5/m)4 °H1 444(#4## 98%), 99% Ni4## 444 

44 . 

44 Ti0 2 4#4 44444444 4444 44444. 

#44 44444 444 (1)44 Ti0 2 4 3C4 4444 4 444 4444. 

JT C =(12.01X 3)7(79.9+12.01 X 3) X 100=31.08(4 4%) 


(5) 
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3114*4444* *44 *4108(2019)* *1165* 44* 


TiC**44 4** 4*44=4 4** 4*11 444 44 4444444 44 l 
4 44. 

44 l44 4444 4°1 4444°1 *444 44 44 44444 4 4 4 4 
444 4444. 444-4=4 444 44 44444 444 44 98%44* 44 4 
44 4 a44 4 4 444 4 44 4 4444. 4** 4*44°1 4 444=4 44 4 
*44*44* 0.83%*4 -2-44 4 *44*444 0.5%*4 °>4. zl 4 4 4444 
on 44J5L*4 4 44 i4i 44 4 4 ir 4** 4=44 4 4 444 44 44 4 
4 444- Tic4* 44 4 444 4 44 4*4 4 44 444 *44 44 4 4-i* 
444*4 4.[i] 

444 44 44 4 3! 44 4444 4*4*444 95~98%* 444. 4 4**4 
44 Ti0 2 4 444444 4444 2.3~2.5 : H4. 

4*** Ni4 444 Ti0 2 *44 44**4 444 4 44 Nil- 44 

44 44 45.(4 i )4 Nil: o.5% 444 4^.(4 s. 2)4 444 i 850~i 900°c4 4 
5.44 i5|i ***44444 3h*4 44444.(^-4 2) 



**%'-%*§! 4% 

*3 i. Tic*444 4*4 4*444 
4—4 44 4*4- *44*4444 




v 

in 





1) L) 

3 :4 2 . Ni4 444 44444 4*14 4 4 
"i) Nil- 1444 41 44 l) Nil o.5% 444 4 s. 


*3 2414 i-144 44 a \ s . Hi4-1 444 *11 4*344 *44 *4**4 4 


*44 4* 44 4 44444 4* 244 


*4**44 444 444 4 4* 44 


45144. Ni 4 4*4 444 4*4 44 44 44 44. 

** *5.44 co 4* 444*44*4*11* 444 *44* Tic4 4444* 


** 5L4-** 0 !! 4444 *444. 44444 44* 4444*4 44**44** 
*4 *4 4* **44 4 4 4*4 *** *44 4 *44 4** *44 4 4* 4 


1 014 4*4 *** *44 4 *44 4** *44 4 4* 4 
444 4 44*444 444* 4*4* *44 *444* 4 


4 44*4444*4 444 4 44*3144 444* ** 4 * *44 *4*4* 4 
*4. 4 444 Tic4 44 4*4** 44* 4 4 4*4* 4444* 44444 *4 
44*44 4*4 4444 44. Ni* 444* 4* Ni* 444* Tic4- **4* 4 
44* 4 **4* <44*31*4 *44* 4444 *4 444 4***4 *444 
*4** 44. 444 1850—1 900*4 4* **44* 44**4 *44 44*4 * 
4 4 *444 4*4. 

4*** Ni4 444 Ti0 2 **4 44444 44* *4* *4444. 

Ni* o.5% 444 4*4 444 i 850~i 900°c4 **44 44 2 , 2 . 5 , 3h*°i 44 
* 4^444. 44* *4**44 4 444 44 44* 4 44*4 44 4444 4 


4 4*4 4 


-5--^^ ol -g- z- 


4* 44** 44. 





Ti0 2 114 444 n 411 Ni444 41 
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14 44171 ofl Ti0 2 4 44 444+445 4 14 4 54 °1 4114514 445 
5 444 44444 47^414 43f TiC5 444 444 444141 ^7f4Jl m 
15 1471-44 gjg- 44 <*}■$ ^xfltH 141 414 4144 Ti04 C5 4 

144 44.(5.4 3) M-E-2] 3 . 7 } 7 [ ^50mmX^200mm°d 4 1444 444 4441 7] 

4(441 4 &441 x] x>)^ 3 h°l 4 4. 

444 44 #4 Tic444 ^4 4*1141 444 44 3h455 44 4 44. 



7) L) n) 

22.4 3. 44444 44144 441 4 4 

“I) 2h, L ) 2.5h, n)3h 


3h-f-4 444 454 tfltfoj X41444 
(J-4 4)4 ^5141 4f444. 

5^ 444 4.144 14 nc 4 444 
114 HH 444-5 4444 14«4 
444444 444-4 444. Cl 

4 ^«i£i 44^4-1-4 144411 «H 

5 XRD5.4 44 44-4*1 44-4. Ticl!4 
41451 i/(m°1444. 



□ H ^ □ I- 

pc; i_ s 

Ti0 2 44^-44 Tic444 454144 Nil 4445-4 444 i 444 $ 4 . 
Nil- 0.5% 4 71-4 45.1 151^4144 1 850~1 900 °C, 3hl4 4444 414 
TiClll 414 44. 


ansa 

[1] 4 41 1; 14,1,27, 14106(2017). 

[2] D. Y. Dang et al.; J. Appl. Phys., 116, 1,2014. 

[3] CN201310217111.3, 2013. 
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l-s-lt]- ^1108(2019)^ *H65Ti ^14J. 


The Effect of Ni Catalyst on Carbonization of TiC >2 Powder 

Pang Myong II, Kim Chong Ryong 

We considered the effect of Ni on carbonization temperature and time in preparing TiC powder 
from Ti02 powder. In order to obtain high quality TiC powder, it needs to be carbonized for 3hours in 
temperature of 1 850-1 900 °C under hydrogen atmosphere. 

Key words: TiCT powder, TiC powder, carbonization, Ni 
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MEI4 


o|o|- ZnOLfcSiJJjEOI 

usoh 

4 441 45.45.4 44114441 414 44 4144 44. 

<S£7I^, Lfe7l^, 4yess® Hl^oi °H^7IA7l#Hi ah XH^7I#. AH 04-11=71 
71^, 1^71^, °H7I#HH = h l ^»0I3 2°J^!0I y J°} ILH47I#10@ 

= Som am s^mwot mua.} 

*11 514 44 1:71-4til 4 H445. H Si4 4At]-4(SHS: self-propagating 

high-temperature synthesis) 1 ^ 1 14 °1 4445. 45-4 7) *1] 4 44 4 5.4'll:1 4 4 -9.5. 4 
4 115-4 4 43.71A44 ^-tJl 4^4445444 ^^514 441-1 445.5a 
4.[i] 414 4H4 4 4144 4*341455 44 SHS444 44 4 444$ 4 JL 

41 Si 4 14 4 Ai]-4(SCS: solution combustion synthesis) 1 !] 4 4 4 4 4 444 4 14 JL 

Si4.[2] 

141 1445444 55 Zn045l44 4544 Si € 4444441 5.44-5. 
Zn045l44 5-f 14 44114 <4 1415-i 444534. 

14454444 44 Zn045i4il54 4141 4 4 45-1-51 4444 m 
1-4 5 4 


H. SQH^^SOll 2I°1 ZnOLllr^^XlliOll Ell£ll 
WEI AEM2I 


441 

A// /(kcal • mol 1 ) 

C p /(cal • mol -1 ■ K -1 ) 

Zn(N0 3 ) 2 6H 2 0 

-551.386 

53.298 

c 6 h 8 o 7 (a4) 

-332.139 

44.325+ 69.959r 

ZnCX-Ml ) 

-83.772 

11.373 + 0.000 933 T 

CCM44) 

-94.05 

7.006 + 0.009 553 T 

h 2 0(44) 

-57.798 

6.790 + 0.002 980r 

n 2 (4 4) 

0 

7.002-0.000 37 5T 


544 A i/1 44 4114 <4 1 -§-441144. <4 4 154 

415.4 44455 414 44 5444. 

C p =A + BxlO- 3 T + CxlO~ 5 T 2 +DxlO- 6 T 3 

1014- scsl 414 41111157! 5.4 14 4555 Cxio _5 r 2 , Dx \( r 6 T 3 4 
1 144-5- c p *a + bxio~ 3 t a 44441 Si4. 

SCS4 4 4 4 44445.4 44 441 155 144 4441, 455 414, 1 
44, a A 11 4144. 154 4 51 14 ^ji 44 7^4 4154 ^54 41 
4 14 #544 1445. 41 1414 4144 a 4 444 4141 444 4 44 
y\ 44 441 444 144. 444 444 44 41 444 14a 4144 1 4 
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44 441°1 444- 

4444 4H414 4441 H444HH1 444 ^444. 

«^(44444°ll 44 1444114 41)x(444) 

° e (-1)^(4-4414 4 44 4444444 44)x(444) (1) 

o e =i4 4 444-4 444H41 444^ 44 44 444H44411 44 
44 a.7|f 4444. o e >i4 444 HH, o c <1 *a. 444 4H-4-°lH 44. 

444H4141(®,=1 H H41 H4 4444 1444(f/ 0)1 444 1 
414 44 44 4s|- ^ 4444411 4H HI 4^.4414 44 44 44 
4 4444414 4H. 444 44 44. 4 4 4 444 4444 H44 444 4 
4H H, 14, 1144111 444 41, 4H 14 4 4. 4444111 44 
4441 44 4 444 4HI 14 4441 444. 

14 4144441 4444114 4441 llltn H44 4444111 
414H 1144. °14 44 c, Zn, h4H4 44411 44 +4, + 2 , +144 414 
4444441 -2i 1444. H4 4441 4n 44. 

44444 4444444 4144 4444441 414 44 4444. 

Zn(N0 3 ) 2 = -10; [Zn = +2, 2N = 0, 60 = (6x (-2)) = -12] 

C 6 H g 0 7 = +18; [6C = +24, 8H = (8 x (+1)) =+8, 70 = (7x (-2)) = -14] 

444 44444 4141414 444 4141 41 14441 io/i8~o.55i 
44. 1 44444 4144 411 1:0.55 4 14441 4*31 4 4141 4H4 
4 44 44 41411<4 44 414 H44. 

44 444441441 4444 44 4444414441 

9Zn(N0 3 ) 2 -6H 2 0 + 5C 6 H 8 0 v =9ZnO + 30CO 2 +74H 2 O + 9N 2 (2) 

i 144 4 44 44-4H44411 4444141 4444. 

14 4141441 41 41 44144 iooo°c444 41 11 Hi H4 

4. 44 141 44441 444 41 4H1 444i 4414 H 

4 i 44 4414 H44 41 44HI 44Hi 11 44. 4144 144 
1 41 44 444 44-444 441 4-44144. 

4441 414 l 0 ! 1444. 

Tad 

AH°=AH° f = f nC (4 4%)dT (3) 

298 

4 44 411 44114 444144 114 44 11 44414 4 41 4441 
i H4 4144. T ad 1 41144 HI 4444 2981 4H 25°c 4 414 

44HI 4444. 44444 414H1H4 44444 H44 44 144 
1 41 H44 44 4114 4414 ah}&( kcai/moi)l 44 1 41 44 41 4 
144 4411 44. 

411: Zn(N0 3 ) 2 =-551.386, C 6 H 8 O v =-332.139 
441: ZnO = -83.772, C0 2 = -94.05, H 2 0(!) = -57.798 
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44 91^44 4 4 4 4 Zn04-t4-44 3.-2] 4444^+4 

A//°(444) = A//°(Zn(N0 3 ) 2 ) -6F1 2 0 +A//°(C 6 FI g 0 7 ) = 

= 9 x (-551.386) + 5 x (-332.139) = -6 623.169kcal/mol 
AH° f ( A M^:) = AH ° f (ZnO) + AJ/j? (CO 2 ) + AH° f (N 2 ) + AH j (H 2 0) = 

= 9 x (-83.772) + 30 x (-94.05) + 74 x (-57.798) + 9x0 = 

= -7 852.5kcal/mol 

AH° f C&-%r) = A H° f (*§ 4 4) - A//^(444) = -1 229.33lkcal/mol 

T ad 

f nC 4 4)uT = 0.255 84 fa + 878.015? - 284 368.085 4(cal/mol- K) 

298 

444 0.255 84 th + 878.015? - 284 368.085 4 = 1 229.331 • 10 3 °] 4. 

44 44 4-g- 7y «1660.8K “14. 4 4444-g- 4445. i}l 1 444-lr 45 
5 44 -§-4 4544 5]4 Zn043n^44 454-§-l-44-54 4 I387.6°c4-5°14. 


□ H Oh 


44444 4444 455 44 4^44444 444 4 4 4444444 44 
45 4444^4 444(O e = 1)4 -2-444 44-414- 454 444 h 1(0/F)4 4444 
4- 4444 44444 444 0 .55, 4445-4 44 l 388°c 44 4444-4 4454 
zl 444 444 444 444534. 


ansa 


[1] K. C. Patil et al.; Chemistry of Nanocrystalline Oxide Materials, World Scientific, 42~61, 2011. 

[2] D. S. Bai et al.; Indian Journal of Advances in Chemical Science, 5, 3, 137, 2017. 

44108(2019)4 64 54 44 

Thermodynamic Characteristics of Preparation of ZnO Nanopowder 
by Solution Combustion Synthesis Method 

Kim Hyon Song, Ryu Jong Ae 

We considered the thermodynamic processes for the preparation of ZnO nanopowder made from 
zinc nitrate and citric acid and found the 0/F(Oxidizer/Fuel) ratio and flame temperature required at 
stoichiometric impurity. 


Key words: zinc oxide, nanopowder, oxidizer, fuel 
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me m 


M=££Ji^ h *!*]^o| DIXNzr 1^^o| got 

^s., xmm 


^dHi- ^-£4 7 A 5 a 5*1 41 4 4 444 5°1 3*14-4^4. 

((MAh 7ISA(S^ 3S01I Mol mm MOIH. A(£l 50 |Zd<yo| ^^oi All7lofe S 
All Si 25[H4, h ° = 4 h H HH425A^S EJSoKHOt o\U\ 25£H@ 4^011 EgJofe 
01 AH L \k\= HH44IS3SXHSS MWOt &4ICh>>(«^4^>> 554 41154 

4923)1 *1) 

4H 0 d4[i]4l*14 453°^ 4445*151 4143441 4 =-4 44444 444 3 
4444. 

44444 444444 44 4 444 14444 4 44 it*^4. 

4 4 K p = 0.74, s = 2 500 °J PZT44 543 0 5| = 12mm , ® ^ = 4.5mm , h = 6.0mm °J 
3.4^44*141-4 44 44 44444 444 444 lf«M 50kHz 4534444 

4444 *fl4444.[i] 

1444°11 4 =.4 44 444 3444 444 444 44 444 2mm 444 3 
=.3.44 4 jl isll 44 44 4 444 444 4 4 44 («lsw-ii5») 4 4 44 44 - 4 
44444444 44 4 4444444 444 44 444534. 

4444 4 444444 44445. 44444. 

**i=V 1 -(/r// fl ) 2 

444 44 44444, f„ 4 4444444 4. 

1444 4 4 =-4 444444 444 54 14 44. 

3.4 144 5444 4°1 4554 4 444444 445444 44°ll 44 4 4 
444 4444. 44 5MPa44 44444 4444 44 445444 1444°1 44 

4 4544 444 44 4 44 4 ^41 
4444.(44 l) 4 4 4 444 4444 
4 444 4(44 2)45 44 4 4444 
4444. 445454 44 4 44 4 4 
444 44444 4444454 444 
4 4 4 44 4 4 4 °14. 4444 4 5.4 
444 4 44 44 4 44 4 44 4 4 
4 4 4 444 444 44 444 44 
544 44 44444 4444455 
44 44 44. 44 344 5444 44 
44 4 i0MPa44 544 4 4 44 54 
4 454 545444 444 4 44 l, 



22.4 1.14444 454 445444 44 
1,34 4^4 44 5, i0MPa44 444444 
44 4 44,24 44 4 5MPa44 
44444 zl 44 444 44 



-irX5°d^ 0 d-44-|-4-4 44#4 4 444 I4<a-^5| °J^1= 
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24- #-44-4 D i #x>ibiH4-b 44 >44. 4 44 14 XX 44 44X ^444X4 i 
4 4444444- 44144. 

14444 4X4 4x44 4 444444 444 x4 24 44. 

x.4 244 1-444 4°l 4X44 4 444444 14444 444 44 iOMPa4 
44 44 4 4444 &X4 x«14 44 X 4-4 444 44 4X4 44. °144 44 H 5 
4444444 444 44XX4 444 44 XXX4 4 444 4-x 4444444 
4. 444X5. 44444 444 4 4444X5. 44444 4444 44 4444 
°1 444 44444 44. 44444 4444X5. 14444 44 44444 444 
4 44 44444 4444. 444 4444444 44 4 44 4 44 44 44 44 
4 44 444444 XXX444 44444 4444 X4x 44 44 44. 

1444 4 4X4 444 44 444 x4 34 44. 



444X4 44 x4 3. 14444 4X4 44444 44 


x4 344 XX44- 44 444 4 44 1444 4 44 4 4444- 444. 

1444°1 44-4 4 x444444 4 = 4 x44 444 Xif-4 4 444-44 4 
ixi 444 4 444 444 44 4444 44. i444°l 4X4 4 444 44 4 
44 44444 444444 44444x4 4444444 444 44444 44 
44444 4.P] 


□ H ^=. □ ! 


1444 4 44-4 4 4X54 4 444444 44444, -4X44444444, 4 
44 4-4 4 4444 444. 44444 44444 44444x4 4444444 4 
444. 

[1] 444X4444X #4 4,64,2,17, 54107(2018). 

[2] 7m Hi; §14X41,55, 266,2011. 
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1-s-lt]- ^1108(2019)^ ^165^ *UJl 


The Influence of Unity Axis Pressure on the Character of 
Bolt Clamp Type Piezoelectric Vibrator 

Ju Kwang Ho, Cha Kyong Choi 

We experimentally found that the character of bolt clamp type piezoelectric vibrator exhibited 
hysteresis with unity axis pressure and explained the cause on the unelastic property. 

Key words: bolt clamp type piezoelectric vibrator, unity axis pressure, hysteresis 



#1108(2019)1 
651 *1145 


B2I4 


uiwseEEDffli^os aasfe axpini-oi 

&S4> 1#4 

1°114# l5f54 11##1111 # 4#4 44 ##41 44. 

((44, MSI4, 44, 4M4HI- 714444^^1 AH 447IMMS4 4SI4, 4S 

M47I4S QXHLmEHAH All7114°J 344MM LHM0K1 4LICK» 

444 #4544 44 444444 44444 4444 4 44 44 4 #4 4 
f 4#4.[i] 

444 #454!4#54 5#1#5# 444 444 4:4-44 144#454# 
4 44 4^-44-444 44444 44444. 

i. n^maiPEAHoi dix^eEEDFDHaoii im £zh 

# 454 # #4155 5 # 414444 - 444 .[ 4 ] 4:444 144 # 4544#4 
44 44444 444 45. #4544 441-4 444 444 4 #4544 ### 

4 5.44 44454 4444. 4444444 441: 54 444 441- 444 44 
44 44444- #4544144 4444154 444 54# 4444 4 44. 

0 #45441444 44441571- ##1444 44. 

© #4544 44144 1445 154 # 144 4 44. 

® #4544 11 #4 5 5##7f 444 4 4 44. 

##1#454#°H4 14444 141 5# H 54444. #44 #41- 41 
#45414# 114 ## 41 «44 ##5 4#5 444144 s# x#4 If 5 

5 14445 44. 1444(0)4 #444(4# 4##1°H z4#55 144 111 
44 44 #45441°H #155 1444. 



5l i. #454411 14141 14 


°H 14# 5# *4 4051 444 ## 5#1#5# 414. 



78 


414^4444-S- 108(2019)4 4654 44J. 


N„=\ 


N, 


f (2 x-d) 2 ^ 


Nr 


1- 


<T 

(d - 2x) 
d 2 


< d 
, x < — 

2 


J 


d 

, x> — 
2 


^ ^1 ^1 No 4 #4^44 4 44445-, d±r #4^4444 44 44. 

444^4^44 441- ^,.4 444 44 a4€4.[3] 


(i) 


£,. = n = 1- 


(0 


pm 


CO 


pm 


2 , 2 J „ 2,2 
(Oq + V COq COq + V 


(2) 


444 «4 # 4^4444 444 , © 0 = 2^ 0 4 4444444 444 ^ 
4444. o„„, 4 ?w44 44 ir4—44443=. 4 444 44. 


,, 1 - 2k V -X. 

V — ^ a ~r 


pm 


2 o N 

a pm =e~ — 


(m) 


(3) 


me n 


2. ^siEWofe SXtflM y±|sg 


4 444 i 4 4444 £14 4444 <4 444 44. 


p/ 7—t —/Af ^x 7—r s 7-i r% ik[. ^ x 

E z =E 0 e , E._ = E 0 Re * 


444 £4 44444 4 14431 4 (0) 4 444444 444 * 4444 . 
4444 44 4444 444 44. 


77 77 / —ik^x D ik^x \ 

E = E 0 (e x + Re x ) 


-0V e -TJVC j (4) 

»?44 #4^4444 444444 444 14444 44^4 444 44 *4 


44. 


4 m) =E 0 (B m e~ rk ' m)x +C m e** m>x ) 


44444ofl44 44444 44444 444 44. 

E[ p) = TE 0 e~ ik *" )x 

x =o44 44^44 444444 444 44444°! 44444 44. 


= 4 


R 


4 


2k 


(i) 


X (1) -4 (0) 4 (1) +4 (0) " 
v 4 (1) +4 (0) *, a) -*i 0) . 


/72 


44 44444 44^44 5.444 444 44. 


B m 

Cm 


= S„ 


B m-\ 

V Efn—l 


444 5 m 4 m44 4444 44*3 44 4. 4 


(5) 

( 6 ) 


(7) 


( 8 ) 



a) 44414544 44-15. 4441 44-444 44^-^ 


79 


s,„ = 


( e -i^ m) d m 


V Y e -iir X) d m 


(m) e -ik^ n) d m _ £ (rn)Jk^ m) d m 


V\x 


ikS’"~ l) d,„ 


k < ' m ~ l) e~ i ^ m 1)dm -£ (m-1 V4 < " 




v v * 


44. x = 4454# 4444 4 (8)4 444 44 5444. 


4^ 


= v T 

p 


^e">+i7v*‘'’* e '’ w ' 


F„ = —^ 


2k 


(n) 


v 4 (n) -k^e~ i(k '"' +k ' P>)dp 


71 


(9) 


n 4444 444 44. 


s e i_L 




= V T 

p 


444 5 g 4 44441!444. 


5 ,= 


( 2 3 

Il4 


4 


S g =(S gl ,S g2 ) 


\m=n J 

-444 4 (ii)4 444 44 4444. 


R 


= -{S g ,-v p y'-s g2 


(9) 

( 10 ) 


(ii) 


( 12 ) 


(13) 


4 444 4444444^44 444 44[2]4 44 44. 444 i?4 r# 444 
444 4444 44444 44 44. 

#4-54415 4444 44444 14!-# 444 44 4444. 


A 

44444^4444 5044 
4451 4444 44-15# n44 ?U 4 
1-4444 4 =-4 44444 441-4 n 

14534.(54 2) 44 tv 0 =ixio l7 m -3 44 
d=15cm°] 4- 

5l 244 ##44 44 #4544 
1444 44444 441-4 41-444 
4 444444 444 41 4 4444 
5-444. 134 44444 4444 44 
444444 4U-4 44 4444 44 
4 #4544- 44 44441: 154 5 
4144 54 454 44 #4 4. 

54 1444444 4444 4 4 


-201gJ (14) 



21 4 2. 414444 444 

l-3-gr / 0 °1 4-4 10, 20, 50GHz°J ^ # 


#4544 44441-4 i# 44444 444 44 14 44 44444 441-4 4 
444. 



- 80 - 4°^41M44-S- 4&14 108(2019)4 *11654 ^l4i 

□h m- 

-i444 444-114^444 4-5.5. ^444 44444 444 4444444 4 
44i 44 444 41-4444 44444444 ¥4 4 44^. 44. 

m n ° a 

[1] B. W. Bai et al.; IEEE Trans. Antennas Propag., 42, 3365, 2014. 

[2] W. C. Chew; Waves and Fields in Inhomogeneous Media, Van Nostrand Reinhold. 45~53, 1990. 

[3] A. Piel; Plasma Physics, Springer, 143~148, 2010. 
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On Attenuation of EM Wave in Unmagnetized Plasma Medium 

Han Yong Su, Choe Un Hwa 

We studied the collision absorption to frequency of EM wave when EM wave is incident into 
unmagnetized inhomogeneous plasma medium. 

Key words: unmagnetized plasma, attenuation 
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54108(2019)1 61 51 4214 4 

Numerical Simulation Research for the Optimal Design of 40K Regenerator 

Han Jong Ae, Kim Kwang Son and Kirn Yong Hwan 

We have established the method to design optimally the regenerator of GM type pulse tube 
cryocooler driven by helium compressor with about lkW of input power. It has been confirmed that 
the optimal cross section and the length of the regenerator are 1 400mm and 130mm, respectively. 

Key words: regenerator, optimal design, helium compressor 
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[2] mm % ik^x^^austt, 12,160,2016. 

108 ( 2019 )^ 6 ^ 5 a 

Tent-Shape Cable Structure Using Hoist 

Rvu Choi Ju 

In this paper we suggested a method calculating the cable structure, which could make 
mechanical analysis easier and make sure mechanical behavior and safety, unaffected by the influence 
of such big load as snow load, by using the hoist on the inner columns of the tent-shape cable structure 
covering large area. 

Key words: cable, hoist, tent-shape 
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444 ^444444 cfltt 24^44444 4444[4]-g: r c =(6a + ja 2 +c 2 )/4> r 7 5. 
44[2]444 445444454 4^4: 2L444 4445 a5f b4 245444 Hi 5.4 

44 44 444 44 €4. 

^ a (4 = [644i) + 644 2 ) + 64(r3) + 24(,- 4 ) + 124(r 5 ) + 64(r 6 ) + 12^(r 7 )](l-4 + 

+ [64 b (0) + 64 b 4) + 64 b (r 3 ) + 2^ ab (r 4 ) +12^ b (r 5 ) + 6f h (r 6 ) +1 2f h (r 7 )]x 
<Z>V) = [6/(r,) + 6/(r 2 ) + 6/(r 3 ) + 2/(r 4 ) + 12^ b (r 5 ) + 6/(r 6 ) + 120 b (r 7 )]x+ 

+[6f ab 4) + 6^ ab (r 2 ) + 64 b (r 3 ) + 2^ ab (r 4 ) + 12^ ab (r 5 ) + 6 # b (r 6 ) + 12/ b (r 7 )](1 -x) 

444 /7 = (i-x) y o a +x/7 b , J p = (i-x)P a +xP b 45. 4445-444 44444 

r cf =2fl + ^Vl3a 2 /3 + c 2 /4-2flj-^>r 8 5. 44444 5444 //, p\ P\ P b 44 44 
4 44. 

4=A r i/4n) + ^ 2 / a (r 2 ) + 7V 3 / a (r 3 ) + 7V 4 / a (r 4 ) + 7V 5 / a (r 5 ) + 7V 6 / a (r 6 ) + 7V 7 / a (r 7 ) + 7V 8 / a (r g ) 
4 = 4[/ a (r,)/r,] 2 (0x+4- +^-) + ^ 2 [/ a (r 2 )/r 2 ] 2 (r 2 2 A . + r 2 2 , + /&£) + 

+ A^ 3 [/ a (r 3 )/r 3 ] 2 (r 3 2 + r 3 2 , +/?r 3 2 )+ 7V 4 [/ a (r 4 )/r 4 ] 2 (4 + r 2 „ +/?/ 4 l) + 

+ 7V 5 [/ a (r 5 )/r 5 ] 2 (r 2 . +4 +/?r 2 ) + 7V 6 [/ a (r 6 )/r 6 ] 2 (4 + r 2 , +/fr 2 )+ 

+ ^ 7 [/ a (r 7 )/r 7 ] 2 (r 2 A +4 + At 2 z) +W a 4s)/^] 2 (4 +4 + /*&) 
p h =Nj\r l ) + N 2 f\r 2 ) + N,f\r,) + Nj\r A ) + N i f\r 5 ) + N 6 f h {r 6 ) + N 1 f\r 1 ) + Nj\r,) 
P b =7V 1 [/ b (r 1 )/r 1 ] 2 (r 2 +4 +^ 2 )+ 7V 2 [/ b (r 2 )/r 2 ] 2 (4 +4 + fir * z ) + 

+ A4/V 3 )4 3 ] 2 (4 +4 +^4) + ^ 4 [/ b (r 4 )/r 4 ] 2 (4 +4 +/?4) + 

+ Af 5 [/ b (r 5 )/r 5 ] 2 (4 +4 +^4) + A^ 6 [/ b (r 6 )/r 6 ] 2 (4 +4 + /?r 2 ) + 

+ A^ 7 [/ b (r 7 )/r 7 ] 2 (4 +4 +y 04) + 7V 8 [/ b (r 8 )/r 8 ] 2 (4 +4 +/?r 8 2 ) 

(5) 

444 7V,.(/ = i,2,---,8)4 54444444 4/44 44444^4 6,6,6,2,12,6,12,644. 

444444144 44 44[7]4 444: 4 444 444 -2.44 4 4 445.4 444 
4 54444. 5444444 44 4444^4444445^444 245444 4 
4444 r 7 ~r 8 44 444535.55. 4444 a44 44 444 4444445.5. 4 
4 444 4 4=-4 4444 444 44. 

4 =-F\ P :)-N l f(rn-N 2 f(r*)-N i f(r*)-N 4 f(r:)-N 5 f(r*)-N 6 f(r*)-N 7 ftf) (6) 

444 414 44 44 4 4 444444 4444 a44 444444444 4445 
4 4 4444 a4 144 -§-444 b4 444445.5. 44 444 445.4 4444 

E 2 = F b {pi )+_/Vj^ ab (/} a ) + N 2 0 ab (r% )+ N 2 <f> ab (r 2 )+ N 4 0 ab (r 4 ) + N 5 0 ab (r$ )+ N 6 </> ah (r£ )+ N 7 0 ab (r a ) 

(7) 

° 14 . 

5444444 44 4444^44444454444 444 4445-444 4 
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( 8 ) 


444-1- r 8 ~ 7- 9 °11 4 4444-1- -2-444 -§-444 a 44 44 444 4444 b^ n4 
4 4 4444444 444i4±4 44^ 444 44 5.44444 444 44. 

£3 = -(JVj + JV 2 + N 3 + N 4 + N 5 + N 6 + N 7 + N s )F\p a ) + 

+ N l [F\p l ) + M\P l )\ + N 2 [F\p 2 ) + M\P 2 )\ + N 3 [F\p 3 ) + M\P 3 )\ + 

+ N 4 [F a (p 4 ) + M a (P 4 )\ + N 5 [F a (p 5 ) + M a (P 5 )\ + N 6 [F a (p 6 ) + M a (P 6 )] + 

+ N 7 [F\p 7 ) + M\P 1 )\ + N s [F\p s ) + M*(P s )\ 

444 p,(i = i~6)4 4 (/ = l~6)4 444 44. 
a=( 4 -i)/44)+A^44)+AV44)+AV a (4)+^ 5 / a (4)+ 

+N 6 f a (r£)+N 7 f a (rf)+N s f a (rg)+f b (rf) 

4=(4 -i)L/ a 4)/4 2 (4+^ +A 2 )+W a A)A] 2 (4+4 +A^)+W a A)A] 2 (4 +4 + A 2 )+ 

+A4,[/' a 4)/ r 4] 2 (4v +4 +^4z)+^ 5 [/ a (r 5 )/r 5 ] 2 (4 +4 +fii)+N 6 [f\r 6 )/r 6 ] 2 {rl +r by +/?£) + 

+Tv 7 [/ a (r 7 )/r 7 ] 2 ( 4 + 4 +/ 4 )+w> 8 )/'8] 2 (4 +4 + a 2 wV )] 2 
A=NX^)HN 2 -m^)+NX(ff)+NX(rt)+NX(i)+NX(ri)+N 7 r(^)+NXQi)+A^) 

P 2 =4L/ a 4)/4 2 4 2 +4 +A 2 )+C ?v 2 -i)l/ a +4 + A 2 2 )+W a (A4 3 ] 2 (4 +4 +A 2 ■)+ 

+4 4 [/ a (r 4 )/r 4 ] 2 (r 2 . +4 +/*£) +A[/ a (r 5 )/r 5 ] 2 (4 +r 2 +/j|) + N 6 L/' a (r 6 )/r 6 ] 2 (r 2 . +4 +/£) + 
+ # 7 4 a (r 7 )/r 7 ] 2 (r 2 + r 2 „ +/J 7 2 z ) + A^[/' a (r 8 )/r 8 ] 2 (r 2 +r 2 +/J 8 2 )+[/ b (r 2 a )] 2 

Pi=NJ a X) + N 2 rX) + {.N 7 -\)rX) + N 4 f a X) + N 5 f\r?) + N b rX 6 ) + 

+ N 7 f a {r 7 a ) + NJ\r a ) + f\r a ) 

P 3 = WViV^Vi 2 +4 + Pr£) + N 2 [f a (r 2 )/r 2 ]\rl +r? y + A 2z ) + 

+ (# 3 -l)[/ a 4 3 )/^] 2 (4 +4 + #,*) + A^ 4 [/ a (r 4 )/r 4 ] 2 (4 +4 + /?,£) + 

+^ 5 [/ a 4 5 )/, 5 ] 2 (4 + 4 + A 5 2 )+A[/ a 46)/'-6] 2 (4+4+A6 2 )+ 

+ 4 7 [/ a (r 7 ) /r 7 ] 2 (4 + 4 + X 2 Z ) + /V 8 [/ a (r 8 ) / r 8 ] 2 (4 + r* y + Xl ) + [/ b (r 3 a )] 2 

A = A/ a (4) + N 2 f a (r 2 ) + N 3 f a (r a ) + (4 4 - l)/ a (r 4 ) + N s f a (4) + N 6 f a (r 6 a ) + 

+ N 7 f a (r a ) + N s f a (r£) + f b (r 4 a ) 

P 4 = ALA'iVMV, 2 + 4 + A 2 ) + WV 2 )/A] 2 (4 + 4v + 4 2 2 z) + 

+ A4r4 3 )/r 3 ] 2 (4 +4 + A 3 2 ) +W, XU\r 4 )lr 4 ]\rl +r 4 2 y + frl ) + 

+ ^5[/ a 4 5 )/^] 2 (4 +4v + As 2 ) + ^6[/ a ('6)/>6] 2 (4 + r 6y +Afa) + 

+ + 4^ + A 2 z) + W a (r 8 )/r 8 ] 2 (4 + 4 + As 2 )+[/ b (4)] 2 

A = A.[4 (4)+A X (r a )+NX (r a )+NX (r 4 )+(N 5 — l)/ a (r 5 a )+ jV X (r b )+N 1 f a (r 7 )+NX (r 8 a ) + / b (r 5 a ) 

^5 =4L/ a 4)/4 2 4 2 +4 + Al-)+ A4 a (r 2 )/r 2 ] 2 (4 +4 +/> 2 2 ) + 4 L/' a (r 3 )/r 3 ] 2 (r 3 2 +4 +/4)+ 

+4 L/ a ( r 4 ) / r 4 ] 2 (4 +4 +Ai)+(N S -l)[/ a (r 5 )/r 5 ] 2 (r 2 +4 +/4)+4 6 [/ a (r 6 )/r 6 ] 2 (4 +4 +/J - 2 ) + 

+TV 7 [/ a (r 7 )/r 7 ] 2 (4 +4 + ai)+NX\rXr,f(rl +4 + Az)+[/ b (4)f 
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P(, = ^if a ( r i) + ^if a ( r 2) + Nif a (>f)+N 4 f a (r^)+N 5 f a (r^)+(N 6 -T)f a (r^)+Nif a (r^)+Ngf a (r^)+f b (r^) 

P 6 =N 1 [f\n)/r l ]\r 2 +r 2 +^)+N 2 [f a (r 2 )/r 2 ] 2 (ri +r 2 y +^l)+N 3 \f\r 3 )/r 3 f(r 2 x+ r 2 y +/E 2 Z ) + 

+N 4 [f\r 4 )/r 4 f(rl +r 2 y +^l)+N 5 [f a (r 5 )/r 5 ]\r 2 x +r 2 y +fl£)+(N 6 -l)[/> 6 )/r 6 ] 2 (i +r 2 y +/%)+ 
+N 7 [f a (r 7 )/r 7 ]\r 2 x +r 2 y + tf z )+ +/£)+[ j\r a )f 
Pi = N\f a (r a )+Nif a (r 2 )+N 5 / a (r 3 )+N 4 f a (r 4 )+N i 5 / a (r 5 a )+N 3 f a (r£)+(N 7 — l)/ a (r a )+N^f a (r %) + / b (r 7 ) 
Pi =m a (r x )h\f(rl +rl + ft£)+N 2 \f{r 2 )lr 1 ?(ji +r 2 y +^l)+N 3 \f a (r 3 )/r 3 f(r 2 x +r 2 y +fir 2 z )+ 
+ N 4 [f a (r 4 )/r 4 ] 2 (r 4x +r 2 y +Pl)+N 5 \f a (r 5 )/r 5 f(r 2 x +r 2 y +J^l)+N 6 \f\r 6 )/r 6 f(r 2 x +r 2 y +/*£) + 
HN 7 -1)1 f\r 7 )/r 7 f(r 2 x +r 2 y +J^ z )+N s \f a (r s )/r s ] 2 (ri x +r 2 , +pr 2 z )+\f\r a )f 


A = N]f a (r a )+N 2 f a (r%)+N 3 f a (r 3 )+N 4 f a (r 4 )+N 5 f a (r a )+N 6 f a (r£)+N 7 f a (r 7 )+(N%—Y)f a (r$)+f b (r$) 
P$ =N l [f a (>\)/r l ] 2 (r 2 +r 2 +ftl)+N 2 [f a {r 2 )/r 2 ] 2 (r 2 x +r 2 , +P^)+N 3 \f(r 3 )lr 3 \ 2 ^ x+ r 2 y+ ^ z ) + 
+N 4 [f a {r 4 )/r 4 ] 2 (r 2 x +r 2 y + /E 2 z )+N 5 lf a (r 5 )/r 5 ] 2 (r 2 x+ ^ y +/)- 2 z ) + N 6 [f a (r 6 )/r 6 ] 2 (r 2 x +r 2 y +/*£)+ 
+N 7 lf a {r 7 )/r 7 ] 2 (r 2 x +r 2 y +/*£ )+(4 8 -1 )[T(r 8 )/r 8 ] 2 (^. +r 2 y +J^ z )+\f\r^)f 


(9) 

a441 b443 3444435. *H 444 41M1 Hi 371-3444 444 ^4. 

E 4 =-E a c +E h c (10) 

444 #4434444 #4444 E u E 2 ,E 3 ,E 4 ^S\ =14. 

sni- ^ ^ 


6#4 34444-34 Zr-X 2^i4tl: 44434 1414 4 = p 44<44 
=144444 3^4 44. 3444 -S-444 44 Zr-Co, Zr-Re, Zr-RulHH 4 4 4 
44444 4144-1144 44444 4 4 4 4444 44 Zr-Co, Zr-Ru4 44 Zr 
4114 44 444444 44 444 44 44 44444 44 44. Zr-Re4 44 
44444 44444 41134 1414 0.34 441 3.4 44 4-3 44 1411 
441 44 44 44. 

34 4 4 44443 ^44444444444 44[i]4 444 44414144 
[2]4-4 44434 41 7M144-. ^ Zr-Hf4114 44443 441444411 
444 44 4414[i]44 4444 4-1-443 44435. 4444. Zr-RH 44 4 
4444 44 44 444 14 441 4 44444-4 44[2]4 44 4444. 444 
44444444444-I- 4 4 441-4 44 Zr-x 2444444 34435. 4444 
44444 3444. 441444411444 4444 444 444 4 44 444 
44 444444444443444 4 4 44441-4 4444 3444 434 1 
41-4 444 4 4 44 4 4. 

814 Zr-x 24441-4 44 444 4 4=3 43444 34 44. 344 4 =34 
44-4444, 44 =34 4444 444 4444 4444, 44 =34 44 444114- 
4 4444, 44 =34 4444444444, 444 =34 4444[i]°14. 
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Re SI -g-g-f 
C) 



ScS] -§-£-§ 

n) 



HfSj ■!-&-£ 
L) 



RuS] -i-g-g- 

H) 



YS1 -g-gr-g- 
H) 


H4. 6^S] ^4444iS] Zr-X 2-4 441-4 44 



y n e 

4444 

4ii 

444 

44 4 44 4 


-a a} 

-cr -ir-i:^]^]r^3f, 

^ 3d 

1 444- 

4 4 441! 41 11 4, 


□ ' 

fe- 4 <4] cl] I 

44-1 

•4] 4:1 4, 

+4 4 

!14-[i] 


u 

-L-i-• 

8S2| 

Zr-X 2StJ^§. 

0| o|<M9| 

711 did ^ 

(M IS 

241111 

Hi 

-§-*4 

Co 

Hf 

Mg 

Re 

Ru 

Sc 

Ti 

Y 


-1.60 

-0.01 

0.13 

-1.48 

-2.46 

0.15 

-0.02 

0.41 


-2.61 

-0.17 

- 

-1.89 

-3.84 

0.05 

-0.45 

0.10 

-§- n fl (Zr) 

-0.30 

-0.01 

- 

-1.05 

-0.49 

0.05 

0.04 

0.17 


-1.42 

-0.01 

0.13 

-1.34 

-2.21 

0.17 

-0.01 

0.44 


- 

0 

- 

- 

- 

- 

-0.03 

- 


44-44 44 Zr - H f >Zr . xi ^-^-toj| 4444 ^. 44 44^41-4 444 
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44444- 4 % <U444 -44 4444444^44^4 444 nl*H ZL 444-5 

y \ 44 °1 444 5^4- itt Zr-Hf, Zr-Re, Zr-Sc, Zr-Ti, Zr-Y°H4 44444- 444444 

44444 44 4444. 44 zr-M g 44 44444 4 4 4 44 44 44444 44 
4 4 4 4-8 4. Zr-Co, Zr-Ru, Zr-Ti4 4 4 4 4 44444 4 4 4 44 44 4444- 4 44 
44 444 44441-4 4 44 44. 

44444 4444 4 44441^4 44 4 4 444414 44 
444 4 4444415. 44 4144 4 H4 444444444444 44 4 
44 44 444444414 444 5-4 4444141 41 44. 


□ H J==. □!■ 


444444444441 4144 614 5444454 Zr-x244114 44 4 
1414 1114 4H 444441 44444. 54 444444444441 41 
44 5444-5444 244144 44 41 4444 44 1411 454-5 814 
Zr-X244114 44°41 44444. 


m H 


pi 
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^Ml 108(2019)4 64 5°J 4U4 4 

Calculation of Formation Enthalpies and Dilution Heats of Hexagonal Close Packed 
Zr-X Binary Alloys by Precise Analytic Embedded Atom Method 

Ri Jim II, Jin Hak Son 

We calculated the formation enthalpies of six kinds of the hexagonal close packed Zr-X binary alloys 
as functions of the concentrations of alloy elements by applying the precise analytic embedded atom 

method. We also derived the fonnulas to calculate the dilution heats of the hcp-hcp binary alloys with the 

precise analytic embedded atom method and evaluated the dilution heats of eight kinds of the Zr-X binary 
alloys. 


Key words: fonnation enthalpy, dilution heat 
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CCD^hCHIEI-P.I m&X[ ^ y<M2£J0]| O|oh 

ji'gm, mmm 

441 ^54 lll-S-44141 414 1°1 33-14-4 $4. 

«¥Hfe H^ls^OtOUH 0\m& M m \ o_^o^l LFE^I HH4IM kW^ 
^ B2U0E mEk\3V\ ?loK4 ^SoKHOt &4ICh>>(<<44144>> #54 4n4 
13344) 

145#1# 411 4411444 414! CCD^Hl 14455 #144 
7 #5l4 454 4444 44. °1 44 4 45-44114511°1] 44444 444 

4441-4 °14444441:4 4444 #4#14] 4 44 44 44 444 44 44 

!44.[1,2] 

44444 444 444 CCD4441-44 44 44 7 14 51144 4 = 1 4 
444444 1445.5. 4445. 41444441: 5.44534. 


CCD4441-4 44 #44544 io.8Mev444 4#41 Hi 5454 55(41-4 Hi 5 
4 4.5MeV)-ir 44 4 444 i.2-io 6 4/s °J 239 Pu-Be444 4444 41414. 44 
7 l5l! 60 Co 44# 4444 414114 o] ^ 4^4 # 441 - r i#°] 4454 
4 1.17, 1.33MeV(4 44 4 57] 1.25MeV)°l 4 4 44 4 4 0.009 8Gy/s4 4- 

CCD7H 4-1-4 44544 444 °1 45# #44 444444 5445# 44 
44444 144454 5l41°fl ?H4H1 441- 14 41 444 444. #1 
4 4 r 154144 451 CCD7H44 4144411 41544 4441 145 
11 444 451-4o]o] 44411-441-1: 4444 44444. 41544 444 
4 44-544 441 matlab! 4-44451# 4144 414151 44411-1 
241 Am 4 r 414 4 4 4 14441-1- 4 444 444 4414. 

1144 414 144 CCD7H4H 4#4#1! 54 14. 


5 . wm ccd7khie»oi 


CCD7H4 1# 

45# 

453.7] ( /jmx /um ) 

4 314 /mm 

44411- 

KS720 

720x1 280 

3x3 

3(1!) 

0.999 94 

STEBOO 

480x640 

6.45x6.45 

1(44) 

0.999 92 

LJ 4007 

480x640 

8.2x8.4 

2(14) 

0.999 90 


4is§iu 31 

1.6-10 12 7l]/cm 2 4 #14514 200Gy(Si)l yl5l# 415444 KS720 CCD7f 

4 44 411-1 54 14 14. 
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4 4444444-S- 14 4 ^4108(2019)4 4654 44J. 


linm , lrnrn 

l<->1 H - 



D L) 

±4 i. 444P)) 4 7 4 (l))^°J4 44^444 KS720ccd44<4-21 44 

H4 5444- 4°| 4444 ^4^44 444 445444 CCD4441- 
4 444444 4 4 5 4 =-444 4 44 44. 4 444544 44 44 4444 4 
4544 4444 44-51-4 44 4 444 44 hi 44444 y 45°J4 4444 
44544 4444 4^5-4 44 44 4444 4451°1 44 444 44 

4 4444 44544 4444 145 44 4 444 44 44444 444 444- 
44 44 44. 

CCD4441-44 444 4 / 4^4 44(4)4 4 =-4 44441-(77)4 444 4 
4 44 444 5-4 2,34 44. 

>7 7 




451 444444 44 4^4 444444 44 

CCD4444 4144511 MOS154 1445 4 4 444 5. 444 4111 
154545 4 4 44.[2] 4 441:4 jl 4H1=-44 ^44-i 5°J44 4444444 
44 44444 4 4 44444 444 A-14(4444-45441441)4 e- 14 
(4444-444444), 4444444 44 444444 4444 44. 444 4 
4-44*1144 4i4 444 4 4444 44 4 4444 444 ±444-2.5. 4444 
444 44544 4444 44511 44 44. 

44 /45°J4 4444 60 Co-/44 4444544 i.25MeV°l5 ccd4 H14 
444 144 r/an^ii 4-f 4455 454 44i4°ll 4 4 44±44"44 44 





CCD7M44 H*}- ^ j> 15°J4 44 4144ll 
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411 41 44. 5-44 o|g]^ 7 H CCD-2] HI 4 41 41 °1 

14144 S)*M Hill 4441 44. 44 °1 Hill 

444 4444 14444 5.H 444!H4 41 Hll 11H5.5. H4 

7] 3.3, o]nfl CCD-2] 44^42] 3HM4 <£i\-± f-o] H41 H. 

14HH14 ^7] 4^ HH4 3.7] 7\ y 7HHH4 4 5.5. 14 441 

^44-4 4^4 v 447fl-7]-o] 2] 44 41411444 44^-4^41! 

°l 414 7] 4 144. 44 4 1415. y 4H 44- 4 H 44 44 - 0 ] H45.5. 44 
45 4 444 55 . 444 444 H if4^^ 44444-4 4444444 4 4 
4 H114 7i]44A5. 144 4 4444-4 4-444- 444 45 14 44. 

7 4^44 44 444 HHHHl KS720 ccd44 47]- 60 c o 4455. 4 
I2hl4 y 41 44 i°J4 1 4414444 4444 14i 114 1444. 4 
CCD41H14 H44114 z 41455. Ill l 10 !!!! ’HH 14-s] 7 -] 7 ] 
4 4 H14 44 - 1-4 l*]- 0 !!! 1444 44 - 41144-417]- Hi 4144 
441-c] 40 ] 41-4 44 414^414 4111 44 s]hi 4 44 H45.4 2] 4 

41 11 H 114 44. 

54 24 4 5144 H ccD7]-4 447-1 HH44H 444 44 H14 

42] 141111 11111 4444 44 4 HI 4H4 4 441 3.7] 7 } 444 
4 4 14 44-414. 41! 4121 3.7] 7\ 4-g-H 4-1414 HH 2144 1 
141 14171- 401-44 4471 4-7f4i41 oj 1414 1411 444144 54 
111-2] ojl°l 44115. 4 414111 2] n] 14. 44 4 4H44 14111 
1441 4115.14 441 111412] Hi 4 1114. 

5-1 347-] 1144 14 z4i°J4H i7f44 44 141114 H414 

I 412] 44i- (S io 2 )H4 r 14 444 o o >oi^4 o]# hi4 

H H4 o o t 0 ]^oj 15.4 4 444 ccd471 4H2] 4 441 37 ] 7 } 4411 4 
1144 14o] 1(1411)1 1141 4HI 1-2] 37 ] 4 44 H114 44 1 
f-^444 H4H4 4 417]4-g-o] pf. 

□ H i=. m- 

1) H-4144H ^ 7 \414 CCD 7]-4 4 41^14 4147-1 14114 41 
I 7 I -44 41144 141111 iHH 44 444H4-. 

2 ) CCD7H14 4H4 4441 37 ] 7 \ 4144 117 }- 1 r 4iH o]^ 444 

II 4 54 4414. 


& H ° S 


[1] Zujun Wang et al.; Nuclear Instruments and Methods in Physics Research, A 771, 49, 2015. 

[2] J. Janesick et al.; IEEE Trans. Nucl. Sci., NS 36, 572, 1989. 

14108(2019)1 61 5°J 1511 
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3 ^ ^108(2019)^ *ll65Ti *1143: 


Study on the Image Quality Change Characteristics of CCD 
Camera by Neutron and y Ray Irradiation 

Ko Pyong Chun, Hwang Choi Hun 

The increase of radiation dose makes the number of hot pixels be larger and the charge transfer 
efficient between pixels be smaller in images of CCD camera under dark room condition. 

The smaller the geometric sizes of CCD pixels, the larger the image degradation by neutron and 
y ray irradiation is. 

Key words: CCD camera, radiation irradiation, image quality change 



34108(2019)4 
4654 443 


MEI^ 


W=EI-£HgJS±«OIOUH 

XWSH^gfe 

^ I CXI AH 7IPUAH O^oj 

□ OO) nUlo, —i— I S 


444 ^34 4 ^ 4 14 A 4 1 414 44 3444 534. 

<(s^ rn^xi 7i^ai-moi *jyion °>tii sem44 
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1*11108(2019)4 64 5°i 43^4 

Study on the Application of Self-Consistent Field Method in 
Solving the Generalized Hartree-Fock Equation 

Kim Yong Song, Kim Thae Song and O Su II 

We adopted the central force approximation and proposed a method to transform the non-local 
term reflected the correlation between nucleons into the local one to solve the generalized 
Hartree-Fock equation with the self-consistent field method. 


Key words: Hartree-Fock approximation, many-body problem, self-consistent field method 
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[1] #sl^-, 64, 3, 131, ^*11107(2018). 

[2] #5ltj-, 64, 1, 132, ^*11107(2018). 

[3] Y. Moline et al.; IEEE Transactions on Nuclear Science, 62, 2, 480, 2015. 
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Study on the Digital Multichannel Analyzer Using FPGA Device 

Hong Song Guk, Kang Ho and Kim Yu Choi 

As a result of applying the digital trapezoidal shaping of which the width of the flat-top was very 
narrow with considering the effects on noise suppression, ballistic deficit and signal processing rate, 
half width was improved by 1.5 times above the analog shaping’s. Our applied baseline restoration 
method, being extremely good at baseline restoration theoretically, has improved in energy resolution 
by 7.8 times as compared with the shared baseline method. 

Key words: trapezoidal shaping, baseline restoration 
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Calculation of Formation Enthalpies and Dilution Heats of Fe-X 
Binary Alloys for BCC Structure by Precise Analytic 
Embedded Atom Method Potentials 

Ho Song Nam, Jin Hak Son 

We applied the precise analytic embedded atom method potentials for BCC metals to the 
calculation of the formation enthalpies and the dilution heats of Fe-X(X=Cr, Mo, Nb, Ta, V, W) binary 
alloys for BCC structure. The present results are mainly in agreement with the experimental data and 
the results calculated with Miedema theory. The results more approached to the experimental data than 
the modified analytic EAM results. 


Key words: embedded atom method(EAM), formation enthalpy, dilution heat 
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The Spatial Kinetics Calculation of PWR Core Based on Nodal Green’s 
Function Method and the Single Channel Model 

So Choi, Jang Yong Won and Ho II Mun 

In this paper, we proposed a numerical method to perform the coupled 3D neutron 
kinetics/thermal-hydraulics calculations for the PWR core, and verified its accuracy by comparison 
with results of the benchmark problem. 


Key words: NGFM, single channel model 
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